This study evaluated the impact of social support programs on improving cancer related disability, neuro-cognitive dysfunction and enhancing participation (quality of life (QoL), social reintegration) in brain tumour (BT) survivors. Participants (n=43) were recruited prospectively following definitive treatment in the community. Each BT survivor received an individualised social support program which comprised: face-to-face interview for education/counselling plus peer support program or community education/counselling sessions. The assessments were at baseline (T1), 6 week (T2) and 6-month (T3) post-intervention using validated questionnaires: depression anxiety stress scale (DASS), functional independence measure (FIM), perceived impact problem profile (PIPP), cancer rehabilitation evaluation system-short form (CARES-SF), a cancer survivor unmet needs measure (CaSUN), McGill quality of life questionnaire (MQOL) and Brief COPE. Participants' mean age was 53 years (range 31-72 years), the majority were female (72%); median time since BT diagnosis was 2.3 years and almost half (47%) had high grade tumours. At T2, participants reported higher emotional well-being (DASS 'anxiety' and 'stress' subscales, p<0.05; FIM 'cognition' subscale, p<0.01), improved function (FIM 'motor' subscale, p<0.01) and higher QoL (CARES-SF 'global' score, p<0.05; MQOL 'physical symptom' subscale, p<0.05). At the T3 follow-up, most of these effects were maintained. The intervention effect for BT specific coping strategies emerged for the Brief COPE 'selfdistraction' and 'behavioural disengagement' domains, (p<0.05 for both). There were no adverse effects reported. A post-treatment social support program can improve physical and cognitive function and enhancing overall QoL of BT survivors. Social support programs need further evaluation and should be encouraged by clinicians within cancer rehabilitative services.
Introduction
Primary brain tumours (BT) affect around 7 in 10,000 people per year worldwide and overall incidence of BT is increasing [1] . Significant medical achievements in the treatment of BT have resulted in a marked increase in the number of survivors and more patients are discharged back to the community [2, 3] . Despite medical advances and improved mortality in these persons, a significant percentage of BT survivors experience various combinations of deficits, such as physical, cognitive, psychosocial, behavioural and environmental issues, limiting their daily activity and participation in society [3, 4] . The treatment regimens itself can produce various adverse effects and can have distressing physical and/ or psychological impact [4] . Patient discharged to the community are confronted by various adjustment issues, such as the patient's perceptions of self-worth, self-image and role reversal within the family, inability to drive and employment issues, financial constraints, marital stress and general limitation on patients' participation [5] . These can have a cumulative effect over time and cause considerable distress to the cancer survivor, their families and reduce quality of life (QoL) (6) . Within the NobleResearch www.nobleresearch.org
International Classification of Functioning, Disability and Health (ICF) framework [7] , which defines a common language for describing the impact of disease at different levels, BT related impairments (headaches, seizures, neurocognitive dysfunction, muscle weakness, aphasia, visual impairments), can limit 'activity' or function (decreased mobility, inability to self-care) and 'participation' (work, family, social reintegration) and reduce life span [8] .
Given the complex multifactorial nature of BT and multiple disabilities encountered by BT survivors, the needs of these persons are best met with a coordinated multidisciplinary and multifaceted approach [5] . This includes acute medical and surgical care, rehabilitation, palliative and other supportive interventions, such as peer or social support. Social support has long been recognised as an important contributor to health and well-being and benefit of social support programs is well established for various conditions, including cancer [9] [10] [11] . Social support programs, as a resource have been proposed as an effective means for coping with stressful life experiences and for gaining information and support from others who share a common factor, such as a chronic illness [12, 13] . Mutual identification, shared experiences and sense of belonging that develops through supportive interventions are thought to impact on psychological outcomes positively [14] . The principal focus of social support programs is to reduce symptoms and limitations on the level of activity and participation (e.g. pain management), psychological distress and to modify 'personal factors' which impact self-management (e.g. self-efficacy and coping style). These impact changes in health status and influence health care utilisation [15] .
A systematic review of peer support programs for people with cancer [9] (n=43 articles) incorporated 5 models of peer support (one-on-one, face-to-face, one-on-one telephone, group face-to-face, group telephone and group Internet) and showed that there was a high level of satisfaction with peer support programs, but the evidence of psychosocial benefit was mixed. Another review [11] of 17 volunteers-delivered peer support programs showed benefits of the program with positive effects for psycho-educational or psychosocial interventions. These interventions resulted in lower rates of anxiety, depression, nausea and pain. Participants had a greater increase in knowledge regarding their disease and treatments, compared to their counterparts not receiving such interventions [16, 17] .
Despite the plethora of social support programs, there are no published data in BT survivors. The existing data in favour of social support programs for oncological conditions include mainly the breast cancer population [18] [19] [20] [21] . Therefore, the objective of this study is to evaluate the impact of social support programs on improving cancer related disability (pain, paralysis), neuro-cognitive dysfunction (anxiety, depression, stress) and enhance participation (QoL, social reintegration, family life, work) in BT survivors; and identify gaps in service provision caused by mismatch between services required and those received by these persons.
Materials and methods

Setting and participants
This prospective longitudinal pre-post design study was part of the rehabilitation outcomes research program for BT survivors at the Royal Melbourne Hospital (RMH), a tertiary referral centre in Victoria, Australia and was approved by the hospital ethics committee (HREC no. 2010.216). The RMH program provides rehabilitative and supportive care for inpatient and ambulatory settings, including 6-8 week support programs in the community to promote adaptive and self-management strategies.
The participant selection criteria and methodology have been described previously [22, 23] . Consecutive participants with primary BT (first admission episode only) treated at the RMH between 2007-2011, were recruited from the RMH BT program register. The source of these patients was a pool of persons residing in the community, referred to the RMH from public and private medical clinics across greater Melbourne in Victoria. All participants were aged >18 years and fulfilled standard diagnostic criteria for the BT grading system as outlined by the World Health Organization for central nervous system tumours [24] ; and assessed by a rehabilitation physician/neurosurgeon at RMH for neurological deficits and clinical assessment for potential benefits of the program. These participants had completed definitive treatment (and were not currently on treatment), resided in the community (area of greater Melbourne <60 km radius) and were able to communicate in English. Those who had recurrent or metastatic tumours, significant comorbidities or medically unstable or psychiatric disorders limiting participation in rehabilitation and those bedbound and/or institutionalized in nursing homes were excluded. (Figure 1) 
Data collection
All eligible patients (n=106) were contacted by mail and invited to participate in the project by an independent project officer. Those who replied affirmatively (n=43) were contacted by telephone to explain the study further and recruited [ Figure 1 ]. Once signed consent was obtained, the participants were informed that it could take up to 3 months before they received a support program, consistent with the usual practice. Such a wait time is necessary due to operational issues within a publicly funded hospital (and limited resources) involved in providing the program for all patients at the same time.
This study used a repeat measure design and each subject was prospectively assessed (face-to-face interviews) at baseline, 6 weeks and 6 months following completion of the support program. All interviews and assessments (45 minutes each) were conducted by two independent trained physicians and one research assistant (in clinic or patients' homes), who received 3 half-day training sessions in cognitive and functional ability assessments, using a structured format. The assessors were not in contact with any of the treating team and did not share information about participants or assessments and received separate and different clinical record forms at each interview. Data collected include: demographic and medical information, cognitive and functional ability assessment and health related QoL measures using standardized instruments (see measures). The assessors did not prompt patients, but provided assistance for those who have difficulty with completing the questionnaires. Appropriate rest breaks were provided during these interviews. All assessments were secured and filed and opened at the time of entry into the database by independent data entry officers.
Intervention
All eligible participants received a one-on-one individualized educational program provided by a rehabilitation physician. In addition, these persons received a tailored social support program comprising either an 8 week group face-to-face peer support program (facilitated by a trained peer support worker) or an educational/counseling intervention program provided by one or more expert (social worker, psychiatrists, psychologists, occupational therapist). These supportive programs were organised and managed through the community therapy service at RMH and designed to augment the traditional rehabilitation approach by targeting the social and emotional consequences of BT. These programs aimed to facilitate psychosocial adjustment and empower participants to openly express their feelings about and seek solutions to their issues and challenges resulting from their conditions. Each program involved a weekly session for a period of 6-8 weeks. All sessions of the peer support program were held at the RMH, while other support programs were held in the community settings for participant convenience. All social support programs were unique and based on participant generated discussions. Prior to the first session, each participant received a brochure by mail, describing the program and providing information on frequently asked questions. The topics were discussed in each program by the rehabilitation physician, psychiatrists, occupational therapists or social worker and included: disease process, personality and behavioural changes, behavioural disturbance management strategies; and coping strategies for functional and psychological disability.
The peer support program was coordinated by a program facilitator, who provided supervision to other peer facilitators where required, during each session to ensure that facilitation standards were met [14] . Apriori compliance for session attendance was set at 60% and documented by the facilitator. Participants who attended four or more sessions were classed as "completers". Adverse effects of the program were recorded. A dedicated phone number was made available to all study participants five days a week from 9 am to 5 pm to address questions or concerns from patients (and caregivers) and the relevant specialist were contacted as per specific requirements (FK/BA).
Measures
At the time of recruitment, baseline assessments were completed (in the patients' homes or in hospital) within a 6 week period. The ICF [7] was used as a conceptual basis for choice of better outcomes for measurement, which provides a framework that describes the impact of disease at the level of impairment, limitation in activity and participation; incorporating contextual (environment and personal) factors.
Participant characteristics and clinical information
These included socio-demographic and BT-related information (type, localization and stage, treatment status including adverse effects, co-morbid conditions).
Primary Measures
Measures of societal participation and QoL
Depression, anxiety stress scale (DASS) [25] -a 21-item instrument, consisting of three 7-item self-report scales was used to measure the negative emotional states of depression, anxiety and stress. Participants rated the extent to which they experienced each state over the past week on a 4-point Likert rating scale. The scores for each domain range from 0-42, with higher scores indicating more dysfunction. It has good internal consistency [25] . The perceived impact of problem profile (PIPP) [26] which consists of 23 items (mobility, self-care, relationships, participation and psychological well-being) was used to assess the impact associated with BT. For each item, respondents were asked to rate 'how much impact has your current health problems had on (item of function or activity) using a 6-point scale ('no impact' and 'extreme impact'), with higher scores indicating greater impact.
McGill quality of life questionnaire (MQOL) [27] was used to assessed the QoL, which consist two health related domains (physical well-being and physical symptoms) and three non-health related domains (existential wellbeing, psychological symptoms and support) and one additional single QoL item.
Brief COPE [28] -a 28-item scale was used to assess participants' effective and ineffective coping strategies (active coping, planning, positive reframing, acceptance, humour, religion, using emotional support, using instrumental support, self-distraction, denial, venting, substance use, behavioural disengagement and selfblame).
Primary outcome measures
Cancer Rehabilitation Evaluation System-Short Form (CARES-SF) [29] -a self-administered measure assessed the QoL. The 59 items in this scale generated a single global score indicating QoL with summary scores for the 5 domains: physical (problems with daily activity), psychosocial (communication and relationship), sexual (interest and performance), marital (problems with a significant relationship) and medical interaction (communication with medical team). The participants rated the degree to which a given problem applied during the 4 weeks prior to the survey using a four point Likert scale (0 = not at all to 4 = very much), with higher scores indicating more difficulty or impairment.
Secondary Measures
Functional independence measure (FIM) [29] consisting 18 item ( 13 item motor scale and 5 item cognition scale) was used to assess function (activity) and need for assistance, assessing level of function in five subscales: self-care, transfers, locomotion, sphincter control and cognition. Each item was rated on a scale of 1 to 7 (1=total assistance to 5=needs supervision, 6=modified independence, 7=independent). A low score reflects the burden of care in each area measured.
A single item visual analogue pain scale [31] was used to assess pain (score range: 0=no pain to 10=extreme pain).
Cancer survivor unmet needs measure (CaSUN) [32] , consisting 35 need items, six positive change items and an open-response item assessed and identified needs of the BT survivors. Participants choose response options for each item as: no need (0), met the need (1), weak unmet need (2), moderate unmet need (3) and strong unmet need (4) . The sum of responses is used to calculate total unmet (2-4) and total need (1) (2) (3) (4) . Further, the need items are categorised into 5 domains: existential survivorship (e.g., cope with changes to my beliefs); comprehensive cancer care (e.g. complaints addressed), information (e.g. up to date information) and QoL (e.g. changes to my QoL) and relationships (e.g. impact on my relationship).
Statistical analysis
A series of descriptive analyses (n, %) were conducted on patient demographics and disease characteristics data. The primary outcome for this study was defined as the impact of the social support program on depression, anxiety and stress (assessed by DASS) [25] . There was no information regarding the 'minimal clinically important difference (MCID)' for DASS in current literature and a change of 8 in the DASS scores in participants was considered clinically relevant. Forty two patients were needed to be recruited for an 80% chance to detect an 8-point difference in DASS from baseline to 6 months, estimate based on two-tailed α=0.05.
Additional analyses were conducted on the subscale scores of the PIPP, MQOL, Brief COPE, CARER-SF, FIM and CaSUN. Given the skewed distribution, primary analyses were conducted using non-parametric tests (Wilcoxon signed rank tests), comparing the pre and post-treatment scores, with the baseline score. Effect size statistics (r) were calculated and assessed against Cohen's criteria (0.1=small, 0.3=moderate, 0.5=large effect) [33] . All data was entered twice to avoid errors in data entry and statistical package for social sciences (SPSS), v. 18.0 (SPSS Inc, Chicago, IL) was used for analysis.
Results
Participant characteristics
The socio-demographic and disease characteristics of study participants (n=43) are shown in Table 1 . The mean age of the participants was 53 years (range 31-72 years), the majority were female (72%) and married (81%). Median time since BT diagnosis was 2.3 years (Inter Quartile Range, 1.1 to 4.3 years) and almost half (47%) had high grade BTs (Grade IV) on the WHO tumour grading system. More than half reported pain (56%), of which 38% had a headache. Almost one third (n=13, 30%) reported high levels of depression (measured by DASS). More than two thirds of the sample (n=30, 70%) reported highest impact on the PIPP 'psychological wellbeing' subscale (scores of >3 on the six-point scale) and substantial impact on the PIPP 'participation' subscale (n=24, 56%), indicating the impact on satisfaction with life, mood, confidence, ability to live independently and ability to participate in work, family, leisure and social activities. Almost one third (31%) of the participants had caregivers, who either attended or/provided support during the social support programmes (Table 1 ).
All participants endorsed at least one need (met or unmet, CaSUN). The majority of the participants (n=37, 86%) Table 1 ). The most endorsed needs were in 'existential survivorship' (mean=5.1, range 0-28) and 'comprehensive cancer care' (mean 3.9, range 0-6). The most endorsed unmet need was also in 'existential survivorship' (mean=3.8, range 0-21) and met needs were in 'comprehensive cancer care' (mean=2.8, range 0-5) ( Table 2) .
Social support programs
All participants completed a one-on-one educational program provided by a rehabilitation physician plus one of the specific social support programs, which included; either a structured peer support program (n=9, 21%) or an educational/counselling intervention (n=34, 79%). The majority of the participants (n=39, 91%) attended 70% sessions. During the course of the study 13 patients were lost to follow-up at 6 week assessment (8 deceased, 3 not contactable, 2 discontinued as a result of progressive disease) and further 6 were lost at 6-month follow-up (3 deceased, 2 discontinued due to illness, 1 not contactable) ( Figure 1 ) There was no report of adverse effects of social support program at any time.
Short-term subjective outcomes
At 6 weeks post-treatment follow-up, participants showed statistically significant improvement in psychological functioning (DASS 'anxiety' and 'stress' subscales; p<0.05, with small effect size (ES) r<0.3), CARES-SF 'overall global' score (p<0.05, r=0.3), 'psychological' and 'medical' subscales (p<0.01, r=0.4 for both), MQOL 'physical symptom' subscale (p<0.05, r=0.3), Brief COPE 'positive framing coping strategy' (p<0.01, r=0.3) and in all FIM 'motor' and 'cognition' subscales (p<0.01 for all), with moderate to large effect sizes (r=0.4 to 0.5). There were no significant, short-term effects in other scores ( Table  3) .
Longer-Term Subjective Outcomes
At the 6-month follow-up, there were no differences in self-reported cognitive functioning measured by DASS, however, statistically significant increases were still 
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observed in CARES-SF 'psychological' subscale (p<0.05, r=0.3) and Brief COPE 'positive framing coping strategy' (P<0.01, r=0.4). Further, a statistically significant improvement in the Brief COPE 'self-distraction' (p<0.05, r=0.3) and 'behavioural disengagement' domains (p<0.05, r=0.2) was noted, suggesting improvement in participant's emotion-focused coping strategies. All FIM 'motor' and 'cognition' subscales showed statistically significant improvement (p between <0.05 to <0.01 for all, with moderate to large ES, r=0.3 to 0.5) ( Table 3) .
Discussion
To our knowledge this is the first report of the effectiveness of support programs in BT population in an Australian community cohort. The findings from this prospective study suggest that social support programs for BT patients targeting specific behaviour, coping strategies and functional management techniques improved psychological and functional ability and participation. The magnitude of improvement in physical and cognitive function peaked at the 6-week assessment period and was maintained till 6-month review. The participants in this study were similar to those in other studies in terms of age, gender, disease severity and treatment [3, 34, 35] . Supportive care needs are frequently experienced by cancer patients many years after apparently successful treatment [36] . Although most participants in this study seemed to have adjusted well in society, a significant proportion experienced ongoing transient and/or persistent physical and psychosocial morbidity which necessitated the intervention in some form of care need.
The findings of this study could not be compared with others, due to lack of studies in BT population. The positive effects on various aspects of cognitive functions (measured by DASS) at 6-week post-intervention found in this study, was consistent with reports in other cancer subgroups [18, 19, 21, [37] [38] [39] . Improvement in functional, cognitive and other outcomes (QoL, coping strategies) was independent of the type of social support program and importantly, achieved irrespective of variability in the duration of these programs. This suggests the need for engagement of these patients in community support activities post-treatment that underpin societal participation and everyday life situation. This provides a platform for developing skills and routines that enhances their daily functional activities, coping strategies and participation, by sharing experiences with persons with or without similar conditions. These findings may have particular importance and relevance for long-term planning and management of this patient population.
A significant proportion of the study participants experienced transient and/or persistent physical and psychosocial morbidities which necessitated some form of intervention for care needs. All participants reported at least one met or unmet need and over three quarters (86%) reported at least one unmet need. Highest levels of needs endorsed across were in the existential survivorship and comprehensive cancer care domains, consistent with other oncological cohorts such as breast, gynecological, prostate, colorectal [32, 40] . This information has implications for the future planning of clinical service delivery models for improved patient outcomes for cancer survivors [40] .
Outcome measurement in cancer research is challenging and varies in different studies [36, 41] . Optimum functional outcome assessment tools for BT survivors are yet to be identified. Generic measures commonly used in practice, may not include all domains relevant for persons with BT and may not be sensitive to change in functional capacity [5] . Instruments such as the FIM do not reflect how the person adapts or copes with the challenges associated with a longer-term disabling condition and has a ceiling effect at a higher level of function [42] . The measurement of QoL is influenced by many factors such physical, psychological and cognitive disabilities and participatory limitations. In addition high mortality rates, often progressive nature and an uncertain prognosis in BT make outcome measurement difficult [22] . Further research is needed to evaluate participatory outcomes in BT population over a longer time.
This study has some potential limitations. First, this is a longitudinal observational study (without a control group), which limits the ability to draw casual relationships between the support program and functional improvements. Second, participants are a selective cohort listed on a database held at a single tertiary institution, with strict inclusion criteria who volunteered to participate, which may limit generalizability of the findings. The study cohort, however, covered a wide geographical population in Victoria and represents a wider sample of BT survivors in the community. Participants in this study were complex in terms of disease severity, symptoms and co-morbidities (reflective of clinical practice). The likelihood of progressive functional decline, the difficulty in psychological adjustment due to constantly changing disability and uncertain prognosis can make a patient's life more challenging [43] . These factors influenced the type and intensity of the intervention provided, this study however, did not attempt to control these factors. The therapists worked individually with each participant to set goals and selected an appropriate tailored social support program. Compliance and attendance in sessions were challenging, but most patients attended 70% sessions. This study was conducted in real-life settings in busy tertiary public hospital with limited funding. A rigorous study with a control group and single-group based social support program (providing intervention simultaneously to all participants) is planned in the future.
With improved survival rates in BT patients, BT is now accepted as a long-term illness impacting function and participation. Survivorship issues in BT are multifaceted and associated with long-term physical and psychological morbidity, however, these morbidities as in other cancer patients can be underestimated [44, 45] . This pilot study showed that community support programs improve functional and cognitive disability in patients with BT with maintenance of benefit for up to 6 months after program completion. Existing literature in BT survivorship recommends multidisciplinary rehabilitation as an integral component of comprehensive care [5] , as it improves function and psychological issues [22] . Social support programs as a component of multidisciplinary rehabilitation need further evaluation in well designed clinical trials. Significant variability within the study sample highlights the need for a targeted social support program tailored to the needs and goals of each person over an extended time period.
This exploratory study showed improvements in functional and cognitive outcomes in BT survivors using supportive programs, however these findings need to be further confirmed in randomised and controlled clinical trials. Larger study sample, longer treatment duration and/or follow-ups are required to evaluate the longerterm effects of social support program in this complex patient population.
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